Seven New Zealand Holstein-Friesian families and two Jersey families, a total of 274 sires, were analyzed in a granddaughter design for marker-quantitative trait loci associations. For 17 nonproduction traits (management, size, and conformation traits), an acrossfamily analysis was undertaken using multimarker regression procedures. Threshold levels were set empirically by permuting the data. A quantitative trait locus for stature was identified on chromosome 14, which was significant at the 15% experimentwise level (suggestive linkage). The quantitative trait locus was identified to be segregating in three of the nine families. (Key words: dairy cattle, quantitative trait loci, nonproduction traits)
The objective of this research was to identify QTL that affect NPT traits in the New Zealand dairy cattle population.
Experimental Structure
Seven New Zealand Holstein-Friesian and two Jersey families were analyzed in a granddaughter design (12) for marker-QTL associations. On average, each grandsire had 29 sons, the range being from 21 to 47. Estimated breeding values were used as the trait measure for the 17 NPT traits. The estimated breeding values were calculated from an average of 115 daughters per son, ranging from 1 to 3227. Two hundred fourteen microsatellite markers were genotyped, covering a map length of 2936 cM for the 29 autosomes. On average, the interval between markers was 14 cM, and intervals ranged from 1 to 115 cM. Map distances were calculated using the Haldane mapping function.
The 17 NPT traits were subjectively scored on a ninepoint scale, where 1 and 9 represented biological extremes (Table 1) . The farmers evaluated the first 4 traits listed in Table 1 , and a qualified inspector evaluated the other 13 traits.
The marker-QTL analysis was undertaken by a multiple-marker regression method as described by Knott et al. (6) weighting estimated breeding values by an expression involving the number of daughters per son (11) . Threshold levels were set using the permutation methodology described by Churchill and Doerge (2) . One hundred fifty thousand shuffles within grandsires for each trait were undertaken. The distribution of the test statistic from the permutations accounted for repeated testing across the chromosome and was adjusted for the number of independent tests using Bonferroni correction (11) . The number of independent traits was eight (explaining 90% of variance) multiplied by 29 autosomes. These significance levels were termed experimentwise threshold levels. Critical values were evaluated for three different levels of significance as proposed by Lander and Kruglyak (8) : suggestive linkage, statis- 
RESULTS
The across-family analysis was undertaken on 28 of the 29 autosomes; chromosome 9 was excluded from the data set because of low information content. A QTL for stature was detected on chromosome 14, which was significant at the 15% experimentwise threshold level. This QTL is situated at 36 cM on the genetic map with BMS1941 being the nearest marker. Three families had significant allelic effects for the QTL based on tabulated F-values. The substitution effects for these families ranged from 1.1 to 1.3 σ G . The highly genetically correlated trait [0.96, (3)] of live weight also had a peak at the same chromosomal position as stature, but the test statistic was not significant at the suggestive threshold level.
No other significant QTL effects were detected in the experiment. However, there were some indications (approaching suggestive linkage) for legs on chromosome one (nearest marker TGLA130); the highly correlated traits [>0.90, (4)] of adaptability to milking, shed temperament (TGLA215), and overall opinion (TGLA116) on chromosome 4; rump angle on chromosome 11 (BM304); stature (BMC1206) and capacity (BMC3224) on chromosome 25; and front teat placement on chromosome 29 (BMC4216). 
DISCUSSION
Two different breeds were used in our analysis, Jersey and Holstein-Friesian. The two breeds have different genetic variances for some of the traits (4), which was not accounted for in the analysis. A nonparametric approach, as outlined by Kruglyak and Lander (7), may be suitable for this problem.
The effect of the strict experimentwise threshold levels used in this study was to reduce the power of the experiment to approximately 0.05 assuming a recombination rate of 0.05, a type I error of 0.0002, a heritability of 0.25, and a QTL of 0.25 phenotypic standard deviations. The low power in this experiment may partly explain why QTL from Ashwell et al. (1) were not verified.
Milk production QTL have been reported for chromosome 14 (3), some 15 to 20 cM from the finding in this study for stature. However, the confidence intervals for QTL from genome scans is large, and thus it can not be discounted that the QTL were the same locus. Future molecular work undertaken on chromosome 14 for the milk production traits will also focus on live weight because it is an economically important trait in New Zealand.
Implementation of the QTL results for the 17 NPT traits in a marker-assisted selection (MAS) program is unlikely because of the low economic values for these traits. However, identification of QTL for NPT traits are important for the realization of MAS, not for selection on the traits themselves, but to avoid undesirable changes to the NPT traits that may stymie the further utilization of MAS.
